REFEREE REPORTS
Referee #1 (Remarks to the Author):
Topoisomerases are needed to allow processive transiting of polymerases given that there are 10 bp per turn, and this situation is seriously complicated by the variable packaging of nucleosomes throughout the genome, and the action of nucleosome remodelers. The relationship between topoisomerases and remodelers is poorly understood, and what data exist are mostly based on in vitro or single gene studies. In this paper, the authors provide a genome-wide analysis based largely on changes in transcription and nucleosome occupancy in topoisomerase mutants. The results provide support for an important role of topoisomerases in helping to evict nucleosomes to expose promoters, and this draws much-needed attention to topoisomerases, which have been virtually ignored in the transcription field. The experiments are well-executed and the results are clear cut. I have only minor suggestions for improvement.
1) The Gene Ontology analysis does not provide any worthwhile information, although it possibly could if it were more done in a more critical manner. Specifically, the finding that downregulation in the topo mutant is seen for protein synthesis and amino acid metabolism genes might be simply explained as a trivial consequence of the fact that these genes are highly expressed, and highly expressed genes are also downregulated in the mutant. Perhaps that's all the authors meant to imply, but in that case, why do the GO analysis? Rather, one can distinguish whether this is a trivial consequence or an insight into function by sampling genes within categories in such a way as to give equal distribution of expression levels and see whether these show significant GO scores.
2) Figure 4 provides evidence for a key point of the manuscript, that topos and Hrp1 work together. But the co-localization analysis is hard to evaluate given that it comes down to a Venn diagram and probability test and cluster analysis, both of which are quite abstract and unsatisfying. In contrast, the co-localization between Topo I and Topo II is obvious in Figure 1A , and one wonders why such a sample isn't given for Hrp1. Perhaps it's not as obvious, in which case correlation values or a scatter plot should suffice to provide a more understandable degree of correspondence. Also, pvalues simply relate how well the null hypothesis is ruled out and for any large dataset they are guaranteed to be astronomical, even when only a part of the data shows a correspondence or when the effect is slight but consistent.
3) I appreciate that Topo I and Topo II are partially redundant, but I was not clear as to why Topo II showed such a striking distribution over gene bodies that seems to relate to a role in relieving transcriptional stress, but the authors refer to data not shown to tell us that Topo I does not show this distribution. Either I'm missing something or this is a surprising finding. Is it that pass-through is needed in the context of dense chromatin seen in gene bodies during elongation? The model provided is only concerned with what goes on at promoters, and this is fine, but what's happening over gene bodies during transcriptional elongation is equally important, and perhaps the authors can provide some light on the subject.
Referee #2 (Remarks to the Author):
This manuscript describes a genome-wide study of the roles of topoisomerases I and II in gene regulation in S. pombe. The authors claim: (1) Topo I is required for efficient nucleosome disassembly at promoters; in the absence of Topo I there is reduced nucleosome occupancy at promoters, perturbed histone modifications and reduced transcription; (2) Topo I cooperates with the ATP-dependent chromatin remodeller Hrp1 in nucleosome disassembly. Although this is an interesting question and the approach is sound, I have some reservations concerning the data. The most important is the interpretation of small changes in genome-wide ChIP signals.
Major comments are as follows:
1. Figure 1 shows that topoisomerases I and II tend to be located in intergenic regions rather than in coding regions, using ChIP-on-chip. The data appear to support this, but the enrichments are very small. The relative enrichment values for Topo I on highly expressed genes are 1.2 for the promoters, 0.9 on the coding region and 1.4 on 3' UTRs (Fig. 1C) . A statistical analysis of the biological repeats should be done to determine whether the differences between the gene expression classes are significant. It is stated (page 4) that Topo I and Topo II act together, but the Venn diagrams (Fig. 1B) indicate that the majority of the genes do not have both enzymes (using a very low cut-off of 1.25-fold enrichment). The statistics indicate significance, but it is also true that on most genes they are not both enriched.
2. Figure 2 shows ChIP-on-chip data for histone H3 in wild type and top1-null top2-ts mutant cells. The result is a small increase in H3 at promoters in the topo mutant cells. It would be better to use the same region of chromosome I in Figs. 1A and 2A so that a direct comparison can be made. In addition, it would be helpful if expression data could be included for the genes shown. There is no increase in H3 at the 3' end, even though there is an enrichment of Topo I at 3' UTRs (Fig. 1C) ; this requires some comment.
3. In Figure 3 , five genes that are down-regulated in top1 top2 cells and have increased H3 are studied in detail to confirm and extend the microarray data. There are several problems with this figure: (a) No control genes are included (genes that are up-regulated or do not change). (b) Fig. 3A is meant to show that the 5 genes are indeed down-regulated and the log2 plot suggests this by eye. However, the antilogs of these ratios indicate that, in fact, three of the five genes have transcription ratios close to 1 (i.e. no change in transcription); the data should be plotted on a linear scale. The tiny changes in expression of 3 of the 5 genes must be considered borderline in significance. The ChIP experiments for H3 and H3-K9Ac (B and C) are convincing, but do not correlate with expression. (c) In Fig. 3D & E, an experiment is described to measure replication-independent nucleosome assembly at the promoters of the 5 genes, by adding HU to prevent replication and using an inducible promoter to express HA-tagged H3. All show a large decrease in H3-HA incorporation. However, H3-HA is under the control of the inv1 promoter (presumably encoding invertase) and the data in Fig. S1 indicate that the inv1 promoter is enriched for topo I. Could the effects observed in Fig. 3E be due to altered expression of H3-HA in the topo mutant cells? It is hard to tell from the Western blot in Fig. S2 . (d) The camptothecin ChIP is convincing (even though the error bars are very large), but would be more interesting if the coding regions were shown to be depleted of active Topo I.
4. Figure 4C -see problem 3(c).
5. A comment on the prediction that transcription of longer genes would be more affected by loss of topoisomerase activity (page 10): Although transcription of longer genes might generate more supercoiling, a simple dependence on RNA polymerase density is unlikely, because positive supercoiling preceding a transcribing RNA polymerase might cancel negative supercoiling in the wake of the RNA polymerase ahead.
6. Figure 5 . A major concern with these data and with the rest of the paper is the relatively small change in relative enrichments: in the best case, the data range is 0.9 to 1.1 (only ~20%). Is this significant? It is stated in the legend that triplicates were performed, but no indication of the statistical variation is given. Since most of the paper concerns Topo I, the ChIP data for Topo I should also be shown.
7. Figure 6 : The model presented is reasonable, but can only account for the genes where both Top1 and Hrp1 are found at the promoter (236 genes in total; Fig. 4A ). This should be made clear. Perhaps it can be generalised to other chromatin remodellers. I add the comment that no chromatin remodeller has been shown unambiguously to generate supercoiling; Gavin et al. had to use an indirect approach, which could be open to alternative interpretations.
8. An important conceptual point is whether Topo I regulates genes as suggested here, or is it just very important for normal functioning of regulatory systems -without it, chromatin gets tangled up? Response: We agree with the reviewer and we have omitted the Gene Ontology analysis from the revised version since it does not provide any more information than what is already shown in Figure  2C and 2D, namely that it is the highly expressed genes in WT that are downregulated in top1Dtop2-191. Figure 1A, Response: Hrp1 occupancy data are from a different DNA microarray platform i.e the Eurogentec spotted microarrays (Walfridsson et al 2005) . They can therefore not be directly compared using a genome browser like in Figure 1A . As requested by the reviewer we have now added scatter plots and correlation coefficients for Top1 and Top2 vs Hrp1 occupancy to Figure 4A, Response: We have added Top1 data to Figure 5A and commented on the differences between Top1 and Top2 on page 9-10. It is known in S. cerevisiae that Top2 is more proficient to act on nucleosomal DNA substrates as compared to Top1, which prefers naked DNA (Salceda et al., 2006) . Therefore it is not so surprising that Top1 is generally absent from these regions, which are nucleosome dense and instead found at gene promoters of active genes, which tend to be nucleosome free. We provide an analysis in Supplementary Figure S3 , which shows a clear tendency for increased nucleosome occupancy in coding regions of long S. pombe genes. 
2) Figure 4 provides evidence for a key point of the manuscript, that topos and Hrp1 work together. But the co-localization analysis is hard to evaluate given that it comes down to a Venn diagram and probability test and cluster analysis, both of which are quite abstract and unsatisfying. In contrast, the co-localization between Topo I and Topo II is obvious in

on 3' UTRs (Fig. 1C). A statistical analysis of the biological repeats should be done to determine whether the differences between the gene expression classes are significant. It is stated (page 4) that Topo I and Topo II act together, but the Venn diagrams (Fig. 1B) indicate that the majority of the genes do not have both enzymes (using a very low cut-off of 1.25-fold enrichment). The statistics indicate significance, but it is also true that on most genes they are not both enriched.
Response: In the revised version we have included 95% confidence intervals for the average gene plots in Figure 1C . The 95% confidence intervals show the variation of the average values and indicate that the differences between the different gene expression classes are significant. Regarding Figure 1B we agree with the reviewer and have now modified our statement regarding Top1 and Top2 co-localization on page 4. 'We observe a similar binding pattern for Top2, indicating that Top1 and Top2 in many cases act together to regulate DNA supercoiling in the cell. Indeed, a high proportion of Top1 bound IGRs (65%) also show Top2 binding (Fig. 1B) .' (Fig. 1C) ; this requires some comment.
Figure 2 shows ChIP-on-chip data for histone H3 in wild type and top1-null top2-ts mutant cells. The result is a small increase in H3 at promoters in the topo mutant cells. It would be better to use the same region of chromosome I in Figs. 1A and 2A so that a direct comparison can be made. In addition, it would be helpful if expression data could be included for the genes shown. There is no increase in H3 at the 3' end, even though there is an enrichment of Topo I at 3' UTRs
Response: The same region of chromosome I is now used in Figure 1A and Figure 2A to allow for a direct comparison. Regarding the expression data we observe a low expression ratio for about 1/5 of the genes with increased H3 Cter ratio ( Figure 2E ). Therefore including the expression data into the genome browser views i.e. Figure 1A , 2A is not a very nice way of representing the data, since only about 2 genes in a typical window of 10 genes shows a clear downregulation. Instead to provide further support for the effects on gene expression we have chosen to add the analysis of RNA pol II occupancy in top1D top2-191 vs WT by ChIP on chip. This new data has been inserted into Figure  2D in the revised version. These plots with 95% confidence intervals clearly show that there are differences between the behavior of weakly and highly expressed genes in top1D top2-191. Highly expressed genes in WT tend to show reduced RNA pol II occupancy over the coding regions ( Figure  2D ) and weakly expressed genes in WT tend to show the opposite effect in top1D top2-191. This is consistent with the analysis of mRNA levels in top1D top2-191 vs WT ( Figure 2C ). Figure 3, Response: (a) We have a control gene (SPAP14E8.04) for which H3 density at the promoter region was unaffected in top1Δtop2-191 as judged by the microarray analysis. This control gene is now used for all parts of Figure 3 .
In
(b) The transcription data ( Figure 3B ) is now plotted using a linear scale. The reduced mRNA levels are significant in 4 of 5 cases (using a paired t-test we obtain the following P values: SPAC1F8.07c P<0.0001; SPAC4F8.07c P=0.16, SPBC21C3.08c P=0.0034 , SPBC1709.05 P=0.0146 and SPBPB7E8.01 P=0.0008). The text is changed accordingly on page 7. (c) As pointed out be the reviewer the inv1 gene promoter is a target for Top1. We have carefully checked inv1 induction and reached the conclusion that it is reduced in top1Δtop2-191 explaining why in all cases H3-HA signals were reduced. This circumstance makes it impossible for us to use the histone turnover assay based on the inv1 induction system for the topoisomerase mutants. We have therefore taken out the histone turnover data from the previous Figure 3C and 4C. Instead we show validation of H3 Cter microarray data by ChIP and qPCR in Figures 3C and 4E . (d) We have repeated the camptothecin ChIP assay using the negative control gene (SPAP14E8.04).
Figure 4C -see problem 3(c).
Response: We now show validation of H3cter microarray data by ChIP and qPCR in Figures 3C and 4E (previously 4C) also using a control gene that is unaffected. At Hrp1 targets we observe a two to three-fold increased histone H3 density in top1Δtop2-191. Response: This valuable comment has now been taken into consideration in discussing the datasee pages 9-10: 'The finding that Top2 tends to be localized to the coding region and Top1 to the relatively nucleosome-free promoter regions is also consistent with the finding that Top2 is more proficient to act on nucleosomal DNA substrates as compared to Top1 (Salceda et al., 2006) . Our observations further support the twin-supercoiling model in eukaryotes, as accumulating supercoils ahead of the polymerase in the absence of topoisomerase activity should inhibit elongation. This function is likely to be more important at infrequently transcribed long genes since at highly transcribed genes the high RNA pol II density may lead to positive supercoiling ahead of one polymerase being neutralized by the negative supercoiling generated behind the polymerase in front.' 'The finding that Top2 tends to be localized to the coding region and Top1 to the relatively nucleosome-free promoter regions is also consistent with the finding that Top2 acts more efficiently than Top1 on nucleosomal DNA substrates (Salceda et al., 2006) and with the finding that long genes in S. pombe have a higher nucleosome density (Suppl Fig.S3 ). The increased RNA pol II density observed in top1Δtop2-191 at long genes further supports the twin-supercoiling model in eukaryotes, as accumulating supercoils ahead of the polymerase in the absence of topoisomerase activity should inhibit elongation. This function is likely to be more important at infrequently transcribed long genes since the polymerase have to travel a longer distance, allowing more supercoiling to accumulate, and since at highly transcribed short genes the high RNA pol II density may lead to positive supercoiling ahead of one polymerase being neutralized by the negative supercoiling generated behind the polymerase in front.'
A comment on the prediction that transcription of longer genes
6. Figure 5 . A major concern with these data and with the rest of the paper is the relatively small change in relative enrichments: in the best case, the data range is 0.9 to 1.1 (only ~20% Response: The information about triplicates in the previous version was wrong. Only biological duplicates have been performed. This is now corrected in the revised version. Having only duplicates limits the kind of statistical analysis that we are able to perform. However, we have now added 95% confidence intervals to the plots in the revised version of Figure 5 and the 20% average increase appears to be significant. Response: We perfectly agree with the reviewer and we now point this out in the legend of Figure 6 i.e that the model is for genes with both Top1 and Hrp1 at the promoters (236 genes in total).
An important conceptual point is whether Topo I regulates genes as suggested here, or is it just very important for normal functioning of regulatory systems -without it, chromatin gets tangled up?
Response: Yes, we agree with the reviewer that Top1 is required for the normal functioning of regulatory systems. This means that Top1 is required for controlling gene expression levels. As we show it is required to maintain high levels of transcription. Please note that we do not claim that Top1 is regulating genes, only that it is a part of the machinery needed for gene regulation. Thank you for submitting your revised manuscript for consideration by the EMBO Journal. It has now been seen by one of the previous referees who has remaining concerns regarding the statistics of some of small changes measured between the wt and mutant strain.
Should you be able to address the criticisms, we will consider a revised manuscript. Acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript. When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely,
Editor
The EMBO Journal
REFEREE REPORTS
Referee #2 (Remarks to the Author):
slightly increased gene expression levels in top1Dtop2-191. The latter finding is consistent with the genome-wide trend of genes that are weakly expressed in WT to be upregulated in the top1Δtop2-191 mutant (See Figure 2C) . Upon repeating the measurements four of five target genes from the microarray could be validated by the Top1-myc ChIP and the CPT assay (all test genes except gene #4). The target genes are highly expressed and they display low H3 densities and high H3K9ac levels in WT (please note the different y-axis scales as compared to controls in Figures 3B,C) . The target genes show reduced expression, increased H3 density and reduced H3K9ac in the top1Dtop2-191 mutant. The phenotypic changes observed at target gene #4 in the mutant could be due to reduced Top2 activity in the promoter region since Top2 is normally present at this gene promoter according to the microarray data. This is now pointed out in the text on page 8. We agree with the reviewer that transcription levels are only moderately reduced in the mutant and we have therefore softened our statement in Figure 3 legend and on page 8 to 'Topoisomerase activity is required for nucleosome disassembly and maintenance of H3K9ac, supporting high levels of transcription'.
Finally, regarding the comment about H3 levels and H3K9ac, we disagree with the reviewer since H3 levels are generally increased at target genes in top1Dtop2-191 vs. WT ( Figure 3C) . Therefore, the observed reduction of H3K9ac ( Figure 3D ) cannot simply be due to a depletion of H3. The data in Figure 3D are normalized to H3 using the H3cter antibody. This is now clarified in the text on page 7 and in the legend for Figure 3 . Thus, what we observe in the top1Dtop2-191 mutant is that the H3 density is increased and that the degree of H3K9 acetylation per histone H3 is reduced at target gene promoters.
